Most genetically modified plants are made with antibiotic-resistant genes and promoters derived from plant pathogens. To promote public acceptance, we have adapted a selectable marker and promoters all of which were derived from Arabidopsis thaliana to transformation. We have employed the gene for acetolactate synthase with its own promoter as a selectable marker, and the actin 2 gene promoter to strongly express an objective gene.
Most genetically modified plants are made with antibiotic-resistant genes and promoters derived from plant pathogens. To promote public acceptance, we have adapted a selectable marker and promoters all of which were derived from Arabidopsis thaliana to transformation. We have employed the gene for acetolactate synthase with its own promoter as a selectable marker, and the actin 2 gene promoter to strongly express an objective gene.
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More than two decades have passed since the basic technology of plant transformation was established. 1) Ninety-seven varieties of genetically modified (GM) crops have been imported into Japan with the approval of the Ministry of Health, Labor, and Welfare of Japan (http://www.mhlw.go.jp/topics/idenshi/). However, GM crops are not fully accepted by consumers, especially in Japan and Europe, leading to the conclusion that the technology may not satisfy consumers' desires. Selectable-marker genes besides objective genes to improve plant ability are always required for plant transformation. Focusing on selectable makers, the use of antibiotic-resistant genes may not prevent possibility of generating antibiotic-resistant bacteria in the intestines of cattle. Most imported GM crops are made with selectable-marker genes derived from microorganisms and promoters taken from plant pathogens such as cauliflower mosaic virus and Agrobacterium spp., resulting in less acceptance by consumers in addition to the likes and dislikes of the public.
To overcome these problems, strategies for excising selectable-marker genes from transgenic plants have been developed.
2) Eventually, the combination of selectable markers originating in plants and herbicides harmless to the environment and humankind worth investigating to shorten the period to create GM crops instead of the technology of selectable-marker excision. We have paid attention to acetolactate synthase (ALS) [acetohydroxyacid synthase (AHAS)] (EC 2.2.1.6), and applied it to chloroplast transformation 3) in combination with herbicides which inhibit ALS enzymatic activity. For nuclear transformation, mutated ALS genes derived from rice have successfully employed as selectable markers for rice plants 4) and are commercially available (http://www.kumiai-chem.co.jp/palselect/). The mutated rice ALS was placed under the regulation of cauliflower mosaic virus-35S promoter or rice ALS promoter in their constructs, but the former does not satisfy the criterion of public acceptance, and the latter, we have found, does not work in Arabidopsis (Nagashima C, Niwa Y, and Kobayashi H, unpublished results). Therefore, we have adapted ALS as a selectable marker for nuclear transformation of the dicot Arabidopsis. Among plant-origin promoters, that of ALS is active less independently of organs (Table 1) , resulting in the employment of this promoter together with its terminator. We have further tried to employ a promoter sequence of the actin 2 gene (ACT2) to strongly express an objective gene, as it works in a manner less specific to organs and its strength is close to that of one member of the multi-gene family of small subunits of ribulose bisphosphate carboxylase/ oxygenase (RBCS) even in leaves ( Table 1) .
The Arabidopsis ALS gene (AtALS, At3g48560) was amplified, followed by in vitro mutagenesis to create AtALS(A122V) (referred as A122V hereafter) which has been reported to confer tolerance to herbicides. 5) PCR for mutagenesis was done with a 5 0 -primer containing the A122V mutation, 5 0 -GGCGCTGATATCCTGGTC-GAAGCATTAGAACGTCAAGGCGTAGAAACCGT-ATTCGCTTACCCTGGAGGTGTATCAATGG-3 0 , and a 3 0 primer:
0 . The amplified fragment was digested with EcoRV and AvrII and returned to the EcoRV/AvrII-digested AtALS gene sequence. The promoter and terminator regions of AtALS were amplified with primers: for the promoter, 5
0 -TTGTTGCCGCC-GCCATGGTTCA-3 0 and 5 0 -AAGCCCTCGAGTCCG-CAATCGATCCTCTCA-3 0 ; and for the terminator, 5 0 -GAAGATCGGTTCTACAAAGCTAACC-3 0 and 5 0 -ATTCAATTGCACAGGGTCCCATCATAACCTCAT-GC-3 0 . The promoter and terminator fragments were separately cloned into pBluescript II (Fermentas, Lithuania). The fragment harboring the A122V was cloned behind the AtALS promoter (P ALS ) to drive y To whom correspondence should be addressed. Fax: +81-54-264-5584; E-mail: hirokoba@u-shizuoka-ken.ac.jp Abbreviations: GM, genetically modified; ALS, acetolactate synthase; P, promoter; T, terminator; ACT, actin 2; CHS, chalcone synthase Biosci. Biotechnol. Biochem., 73 (4), [936] [937] [938] 2009 Note A122V. The terminator (T ALS ) was inserted at the 3 0 -end of A122V in pBluescript II. The entire cassette of promoter, A122V, and terminator (P ALS -A122V-T ALS ), was cleaved out with XhoI, treated with T 4 DNA polymerase to generate blunt ends, and digested with SacI, followed by ligation into the HindIII-blunted and SacI sites of the binary vector, pBCH1. 6) On the other hand, we chose the promoter of the gene for actin 2 (AtACT2, At3g18780) (P ACT ) as a strong and constitutive promoter 7) to express objective genes. This region was amplified from the genomic DNA with primers producing BamHI and NcoI sites, 5
0 -ATGGGATCCAT-TATGTAAAAGTGCATCAATC-3 0 and 5 0 -CAGCCA-TGGTTTATGAGCTGCAAACACACAAAAAG-3 0 . As an example of objective genes to express, we employed the gene for chalcone synthase (AtCHS, At5g13930). The coding region and terminator of this gene (CHS-T CHS ) was amplified with primers to confer the NcoI site in the translation initiation region and XhoI at the 3 0 -end, 5 0 -CTACCATGGTGATGGCTGGTGCTTCTTC-3 0 and 5 0 -TCGCTCGAGTCCCTTGCTATACCTCTCTTC-3 0 . Two DNA fragments, harboring P ACT and CHS-T CHS respectively, were combined at the NcoI site and inserted into BamHI/XhoI-digested pBluescript II. The P ACT -CHS-T CHS construct was then taken by digestion with XhoI and partial digestion with SpeI, and introduced into pBCH1, in which the 35S-promoter sequence had been removed by HindIII/SacI digestion, blunted with T4 DNA polymerase and self-ligation, and then digested with SpeI and SalI. The P ACT -CHS-T CHS construct inserted in pBluescirpt II was also digested with NotI, followed by blunting and digestion with KpnI. The P ACT -CHS-T CHS fragment was then ligated with PmeI/KpnI-digested P ALS -A122V-T ALS harbored in pBCH1 to generate pBCH1-ALS-CHS (Fig. 1A) . The nucleotide sequences of all constructs were confirmed by DNA sequencer. The constructs of binary vectors were introduced into Agrobacterium tumefaciens GV3101 and subjected to transformation of Arabidopsis Col-0 by the floral dip method as described previously. 8) The plants were cultured under sterilized conditions on Murashige-Skoog (MS) medium 9) containing 2% sucrose and solidified with 0.3% Gellan gum (San-Ei Gen F.F.I., Toyonaka, Japan) for analysis of the phenotypes. The expression of AtCHS was determined by real-time RT-PCR, as previously reported, 10) with primers for A, The binary vector made of sequences all derived from Arabidopsis inside the T-DNA region. There was a selectable marker, ALS(A122V), with its own promoter (P ALS ) and terminator (T ALS ). An objective gene, AtCHS (CHS), was expressed under the control of the actin 2 gene promoter (P ACT ) and the AtCHS terminator (T CHS ). With replacement of the CHS gene with any objective genes, this vector was useful for plant transformation with plant-originated DNA sequences in its backbone to be delivered into plants. B, Selectable tolerance of transformants with ALS(A122V) to a herbicide. Lines transformed with pBCH1 alone and transgenic with P ALS -A122V-T ALS , as well as the wild-type (Col-0), were grown on a medium containing 40 nM imazapyr for 3 weeks. C, Expression of an objective gene under the control of a promoter of the actin 2 gene. Plants harboring the P ACT -CHS-T CHS construct homozygously were cultured for 3 weeks, and transcripts for AtCHS in rosette leaves were determined by real-time RT-PCR. The error bars represent variations in two independent experiments.
Transformation with Plant-Derived DNA Sequences
AtCHS, 5
0 -TGCCATAGACGGACATTTGA-3 0 and 5 0 -TGTCGCCCTCATCTTCTCTT-3 0 , when AtACT2 was used as an internal standard for the normalization of transcript levels.
11)
We obtained several lines of Arabidopsis with P ALS -A122V-T ALS . The frequency of transformation depended on the number of times of floral dipping. The frequency was a few transformants per plant with floral dipping once, and increased 10-fold with dipping 3 times with intervals of 3 to 4 d. The exogenous DNA fragments were estimated to be integrated into the genome at one to two locations in a line, since the segregation of herbicide tolerance was 3/4 to 15/16. The lines homozygous for P ALS -A122V-T ALS were grown on media with different concentrations of imazapyr, a kind of imidazolinone and an uncompetitive inhibitor of ALS enzymatic reaction. 12) They showed tolerance to imazapyr up to 200 nM (data not shown), whereas Arabidopsis transformed with blank vector (pBCH1 alone) and wild-type (Col-0), were sensitive to 40 nM imazapyr (Fig. 1B) . AtALS has recently been mutagenized to S653I and has become available as the cassette of its cording region in the PalSelect series (http: //www.kumiai-chem.co.jp/palselect/). S653I confers resistance on ALS to pyrimidinylcarboxy herbicides such as bispyribac, which is a mixed-type inhibitor 13) and safe at workable concentrations, but reported to be more toxic to rats than imazapyr (http://wwwsoc.nii.ac.jp/ pssj2/journal/technique.html). Also, imazapyr is much cheaper than bispyribac. Furthermore, P ALS -A122V-T ALS is advantageous in the use of the promoter and terminator of AtALS together with its mutated coding region (see below on promoter activity). Among lines transgenic with the P ACT -CHS-T CHS construct, the transcript level of AtCHS was enhanced approximately 20 times higher in rosette leaves (Fig. 1C) .
The advantage of this new vector is its having been made of plant-derived DNA sequences all necessary for selecting transformants and driving an objective gene. In comparison with the CaMV 35S promoter, which is known as one of the strongest and most widely used promoters, the strength of promoters of ALS and ACT2 employed for expressing the mutated ALS as a selectable marker and for driving CHS as an objective gene, respectively, is the normal range of variation for that of CaMV 35S promoter ( Table 2) . The integrated construct shown in Fig. 1A is a convenient binary vector when the CHS region is replaced with other objective genes to strongly express and confer certain properties on dicot plants. This new vector is concluded to be valuable for enriching plants with nutraceuticals and functional proteins for oral intake with expected relief of consumers' resistance to GM crops. 6) and pSMAB701, 14) drove the indicated genes. Transcript levels in the leaves of plants were determined by real-time RT-PCR. 10, 11) The transcript levels were standardized by those in the wild-type as determined by DNA array (GeneChip, Affymetrix Arabidopsis ATH1). Gene are for: ALS, acetolactate synthase, At3g48560; ACT2, actin 2, At3g18780; CHS, chalcone synthase, At5g13930; ALD, oxidoreductase (Zn-binding dehydrogenase), At1g23740; bHLH19, basic helix-loop-helix 19, At2g22760 (two splice variants); PEPK, phosphoenolpyruvate carboxylase kinase, At1g12680. b Ratio of the transcript level to that of bHLH19. The standard deviations are experiments repeated 2 or more times using each of two to four different lines.
